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EXECUTIVE SUMMARY
This report is an introduction to how the global interoperability testing with the focus on EU and China
is being used to validate research and innovation in the 5G domain. We identify the current status in
both Europe and China (initiatives, federation projects, standards, platforms, funding, etc.). These
studies helped us to identify the requirements and to propose some recommendations for future
interaction and 5G-interoperability between China and Europe in the next version.
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1.

INTRODUCTION: OVERALL APPROACH

1.1. Definition of interoperability
ETSI (European Telecommunications Standards Institute) defines interoperability in simple terms: “in
a world of converging yet diverse technologies, complex ICT systems must communicate and interwork
on all levels – this is interoperability”.
ISO/IEC 2382-01 defines interoperability as follows: “the capability to communicate, execute programs,
or transfer data among various functional units in a manner that requires the user to have little or no
knowledge of the unique characteristics of those units”.
According to (Initiative, 2012) interoperability has multiple aspects:
➔ Legal interoperability: Covers the broader environment of laws, policies, procedures and
cooperation agreements needed to allow the seamless exchange of information between
different organizations, regions and countries.
➔ Semantic interoperability: Refers to the ability to ensure that the precise meaning of
exchanged information is unambiguously interpretable by any other system, service or user.
➔ Technical interoperability: Means the ability of two or more information and communication
technology applications to accept data from one another and perform a given task in an
appropriate and satisfactory manner without the need for extra operator intervention

1.2. General objectives and goals
The telecoms industry is currently in the process of designing the technologies that are due to take over
from 4G. An effort is thus underway to prepare these “5G” technologies.
As this new generation of technologies is emerging and is becoming very important for industry and
research fields, we need to define 5G standards. These reflect the current status and effort to ensure the
5G systems’ interoperability.
The objective of this document is to analyze these activities with the focus on China and Europe and to
give a first example of a successful interoperability. The purpose is to prepare some guidelines to a
perfect 5G system between China and Europe.
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2.

5G INTEROPERABILITY FRAMEWORK IN EU AND CHINA

2.1. Existing 5G interoperability test activities
Currently there are many alliances, standards-developing organizations, projects and platforms that are
active and competing in the 5G field.

2.1.1.

In Europe

2.1.1.1. Initiatives and interoperability
This section describes the 5G PPP that has a worldwide impact in the 5G area:
The 5G Public-Private Partnership (5G PPP) is the main European initiative supported by the European
Commission to move towards the full implementation of 5G in Europe. Interoperability is obviously
one critical issue that is addressed by the 5G PPP, especially the private side of the partnership
represented by the 5G Infrastructure Association (5G IA), in several ways, as described below.
Phase 1 of the 5G PPP focused on research and technological issues. Interoperability was not necessarily
a critical aspect of the Phase 1 projects, however, many contributions to standardization, which is one
critical element of interoperability, were made by most of the projects. Their objectives, including those
related to standardization and interoperability, are described in the brochure dedicated to Phase 1
projects, available at [1]. Most projects have described their achievements, including those with respect
to standardization, in videos available on the 5G PPP YouTube channel, available via the 5G PPP web
site (see https://5g-ppp.eu/video/).
A dedicated “Pre-Standardization Working Group” has been operating under the umbrella of the 5G IA
since the beginning of Phase 1 in order to coordinate the activities of the projects on this aspect. Its
objectives are as follows:
➔ Identify standardization and regulatory bodies to align with;
➔ Develop a roadmap of relevant standardization and regulatory topics for 5G:
➔ Evaluate existing 5G roadmaps at international level;
➔ Propose own roadmap for 5G being aligned at international level;
➔ Influencing pre-standardization on 5G and related R&D:
➔ Potentially propose where topics should be standardized;
➔ Influence timing on R&D work programs.
A White Paper has been released at the beginning of the operations of the Working Group (WG),
available at [2]. No other outcome of this WG has been made publicly available.
Another Working Group from the 5G IA dealing somewhat with interoperability is the Spectrum
Working Group. This group maintains a dialogue between the 5G PPP projects concerning potential
synergies and common interests in spectrum related issues. They pursue the convergence of results on
spectrum topics from the different projects to maximize the achievable outcome towards relevant
technical bodies. They liaise with spectrum groups or entities in regulatory bodies and industry
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associations and promote the research results in the spectrum area obtained by 5G PPP. The Spectrum
WG has not released any public paper, but has organized a workshop.
The Vision Working Group released recently a white paper entitled “5G innovations for new business
opportunities” which includes elements related with interoperability and spectrum [4].
Another element that has a role in global interoperability is the agreement signed by the 5G IA with
counterparts from other continents:
➔ IMT-2020 (5G) Promotion Group – China;
➔ 5G Forum – South Korea;
➔ 5G Mobile Communications Promotion Forum – Japan;
➔ 5G Americas – North and South America;
➔ 5G Brazil (new).
Together they have already organized three “Global 5G events” including one hosted in Europe by the
5G IA. The next one is planned to be held in Korea [3]. Standardization, spectrum and interoperability
has always been discussed at previous events and will for sure be increasingly present in upcoming
global events.
Phase 2 of the 5G PPP kicked off in June 2017. Most of the projects include pilot trials in which
interoperability is one of the more important issues. A brochure describing all Phase 2 projects will be
made available at the ICT Proposers’ Day held in Budapest on 8-9 November and will be available for
download from the 5G PPP web site.

In addition, the activities of the Pre-Standardization WG and the Spectrum WG continue. The Vision
WG is planning to focus on 5G beyond 2020, although this is still under discussion.
Moreover, with the advent of Phase 2, a “Trials Working Group” has been created. It has been working
on large-scale trials where interoperability will play a crucial role. It has already released a strategic
roadmap, cf. https://5g-ppp.eu/5g-trials-roadmap/.
In addition, two projects have also started to strengthen cooperation between the EU and Taiwan. Those
projects, also described in the upcoming Phase 2 projects brochure, include elements related to
interoperability.
Interoperability will, however, be more fully addressed with Phase 3 of the 5G PPP. In the draft ICT
2018-2020 Work Programme, the following 5G topics will address issues related to interoperability:
➔ ICT-17-2018: 5G End-to-End Facility
➔ ICT-18-2018: 5G for cooperative, connected and automated mobility (CCAM)
➔ ICT-19-2019: Advanced 5G validation trials across multiple vertical industries
➔ ICT-20-2019-2020: 5G Long-Term Evolution
➔ ICT-21-2018: EU-US Collaboration for advanced wireless platforms
➔ ICT-22-2018: EU-China 5G Collaboration
➔ ICT-23-2019: EU-Taiwan 5G collaboration
The first Phase 3 projects are scheduled to start in the second half of 2018.
© EXCITING Consortium 2016-2018
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2.1.1.2. 5G Projects/ Platforms
Following the source https://www.xipi.eu/Infrastructures and the IEEE standard, there are seven
dedicated interop 5G testbeds in Europe. The descriptions of those testbeds are available in their web
sites and in deliverable D4.1 of this project [5]
Table 1: 5G initiatives in Europe

Testbed name

Description

5G test Network, Oulu

This is a facility for R&D and testing in a realistic 5G network
environment and is located at the premises of VTT and the University
of Oulu. Fully-functioning, it will form a dynamic and heterogeneous
platform for developing and testing new applications, services,
algorithms, technologies, and systems.

5TONIC, Spain

The objective of 5TONIC is to create a global open
environment where members from industry and academia work
together in specific research and innovation projects related to 5G
technologies with a view to boost technology and business innovative
ventures. The laboratory will promote joint project development and
entrepreneurial ventures, discussion forums, events and conference
sites in an international environment.

5G-EmPOWER, Italy

This is a flexible architecture and high-level programming APIs allow
for fast prototyping of apps and services.

Mobile Communication
Over-the-Air Testbed,
Germany

The objective of this facility is to allow field-testing, characterization
and validation of waveforms and software applications of 4G systems
and beyond towards 5G. Different environments (urban, suburban,
highway, rural, forest) are covered by the experimental network to
perform live testing under various conditions and transmission types
(unicast, broadcast/multicast eMBMS).

ORBIT
(http://www.orbitlab.org)

This is an Open-Access Research Testbed for Next Generation
Wireless Networks

5G KU Leuven wireless
testbed, Belgium

The main test facility is a 5G wireless testbed built at KU Leuven
ESAT-TELEMIC by means of a Hercules 1 infrastructure grant
obtained in 2014. Since that major investment, the infrastructure
consists of 46 USRPs and a total of 90 antennae. They can be used in
various configurations: indoor or outdoor, centralized or distributed,
enabling research on Massive MIMO, Cloud-RAN, Cooperative
Communication and Relaying and LTE-U.
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Testbed name

Description

University of Surrey
5GIC testbed, UK

The UoS SoftFIRE testbed segment is part of the overall UoS 5GIC
testbed. Located in the UK, the scope of the testbed is to provide
hands-on access to a 3GPP-based campus RAN with indoor and
outdoor coverage that is able to be interconnected with a variety of
virtualized core slices, in order to develop Core Network 5G
evolutions and demonstrate 5G use cases running over the resultant
end-to-end (ETE) cellular network. In this manner, the testbed can be
used to build industry core competence in 5G.
The network was initially built as a fixed ETE cellular system but has
now evolved to provide a set of virtualized network capabilities that
can be configured to connect with IP stubs towards the RAN to enable
various network slices to be connected in circuit under the control of
the federated SoftFIRE core.
It is envisaged that experimenters using the facilities of the UoS
SoftFIRE testbed will be able to show specific and concrete “proof”
points related to the 5G RAN and Core evolutions and demonstrate
applications running over this infrastructure. These use case proof
points can be used to support many types of use cases to highlight their
benefits, explain to customers and industry partners how they work
and demonstrate how 5G targets may be met, and what the pros and
cons are for each demonstration.

2.1.1.3. The 5G European Large-Scale Pilot Programme:
In this part, we list some 5G Large-Scale Pilots. More details are given in [5]:
➔ Huawei Munich 5GVIA testbed
Huawei, a leading global ICT solutions provider, is accomplishing a crucial step in making 5G a reality
for Europe. In cooperation with the Bavarian State Government, the City of Munich, the Technische
Universität München, and M-Net, Huawei is building the 5G Vertical Industry Accelerator, a large
experimental system for testing promising 5G communication concepts.
➔ Nokia 5G MoNarch
14 key mobile network players from six European countries participate in the 5G MoNArch. To turn
the project's vision into reality, they are bringing together the complementary background and technical
know-how required. In continuation of 5G-NORMA, 5G-MoNArch enriches the original architectural
concepts with innovations such as cloud-enabled network protocols, and showcases the new technology
in two testbeds.
2.1.1.4. Standards and regulatory bodies
The 5G PPP projects are very active in the existing standards organizations (SDOs). In this part, we list
the standards and bodies which have seen most input from 5G PPP-funded projects.
➔ 3GPP is the cooperation between groups of telecommunications associations responsible for
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developing “cellular telecommunications network technologies, including radio access, the core
transport network, and service capabilities - including work on codecs, security, quality of
service - and thus provides complete system specifications”
➔ IEEE is developing wireless communication technologies (WiFi, WiMAX ..).
➔ IETF covers all aspects of the 5G no-radio network segments as far as network-slicing is
concerned.
➔ ITU-R is defining the requirements that systems must meet to qualify as IMT2020-compatible.
In addition, they develop channel models that are used during evaluations of these systems.
➔ ITU-T IMT2020 / SG13 covers all 5G no-radio network segments as far as overall 5G
architecture, network softwarization, integrated network management, and fixed mobile
convergence is concerned
➔ ETSI covers all aspects on Network Function Virtualization (NFV), Mobile Edge Computing
(MEC), Next Generation Protocols (NGP). ETSI has established its first Open Source Group
OSG Open Source Mano. Moreover, it works with the mobile industry to adopt the technical
standards validated by its working groups.
➔ ONF (Open Networking Foundation) has developed an SDN architecture that may be relevant
for SDN and NFV concepts. It pushes for the adoption of the SDN, as an open source software
community and will offer repository on the new OpenSourceSDN.org site.
In addition to the organizations writing standards, there are a number of organizations (GSMA and
NGMN) where some of the actors join forces to have more impact in the standards bodies or to prepare
topics that are related but not directly treated by the standards bodies.
One of the main aims of the Pre-Standardization WG is to strengthen the competitiveness of European
industry. Standardization is often seen as a significant contributor to growth and innovation and
standards may be one way of diffusing the innovations resulting from the projects.
The relationship between research results, standards and economic growth is complex and depends on
many factors, some of which are outside the control of the WG, e.g. market and regulatory factors. For
a particular innovation, it is not necessarily so that economic growth is increased by standardizing it.
In 2016, the main activity of the WG has been collecting information for a summary of Phase 1
standardization activities of the 3GPP and the impact that 5G PPP has had on standards. Phase 1, which
should last until mid-2018, will focus on developing 5G for frequency bands below 6GHz. The second
phase will address the whole frequency range envisioned, i.e. from 1GHz to 100GHz, and would end at
the end of 2019.
In 2017, the WG has continued working on the document summarizing the standards activities
performed by the projects during the first phase of 5G PPP. The WG has supported the projects in their
standards work by keeping track of and suggesting upcoming standards events and meetings that can be
useful for exploiting their results. The WG continues to monitor and inform about the upcoming
standards activities in various forums, mainly by collecting and disseminating the information on
BSCW. In addition, recent standards events are discussed in the monthly telephonic communications.
The main planned output of the WG in 2017 is a summary, compilation and overview of the standards
activities and achievements done so far in 5G PPP.
The WG will also continue to drive awareness of the ongoing standards activities and foster the
awareness in the research projects that there is a need to produce research results that can be used in
standardization.
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Page 13 of 19

D3.7: Interop Guidelines for 5G, version 1

From the industry perspective, it is important for the WG to focus on research that could be suitable for
standardization and encourage the participating partners to continuously consider bringing results into
standardization as innovations are made. Projects are asked to continuously inform the WG about
contributions to standards bodies and other standards.
The 5G-IA was accepted as a Market Representation Partner (MRP) of the 3GPP in October 2016.
An MRP is any organization that has been invited by the 3GPP Regional Organizational Partners
(including ETSI) to take part in 3GPP, irrespective of geographical location, and that will undertake to:
➔ Offer advice to 3GPP and bring into 3GPP a consensus view of market requirements (e.g.
services, features and functionality) falling within the 3GPP scope,
➔ Define the 3GPP system and service scenarios,
➔ Commit itself to the promotion of 3GPP,
➔ Encourage its members to contribute to the common objectives of the 3GPP and to avoid
duplication of work.
It does not have the capability and authority to define, publish and set standards within the 3GPP scope,
nationally or regionally.
Nevertheless, MRPs have the right to participate in the work of the 3GPP-PCG and also of the 3GPPTSGs (Technical Specification Groups).
5G-IA and 5GPPP will benefit from being now a 3GPP MRP, with notably:
➔ A network of partners and counterparts in the 3GPP ecosystem,
➔ Other MRPs belonging to the verticals (PSCE, 5GAA, etc.), enabling joint positions, actions,
and information,
➔ A significant relay for our pre-standardization work.

2.1.2.

In China

2.1.2.1. 5G initiatives
There are some 5G networks and initiatives in China. The descriptions of these testbeds are available in
their web sites:
Table 2: 5G initiatives in China

Testbed name

Description

5G C-RAN

“5G oriented cloud radio access network fronthaul is built by China
Telecom assisted by Huawei. It will enable Liaoning Telecom to
effectively cope with denser site deployment requirements in the
future 5G era”.

© EXCITING Consortium 2016-2018
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IMT 2020
(http://www.imt2020.cn/)
(11 WG)

“A 5G promotion group established by three ministries in China (the
ministry of industry and information technology, the national
development and reform commission and the ministry of science and
technology)

2.1.2.2. 5G mega projects
➔ Huairou 5G testbed:
Developed by CNIC and Datang Telecom starting in 2017, this testbed was first announced on March
29, 2017. It was initialized by MIIT (Ministry of Industry and Information Technology) to build the
world's largest 5G experimental network in Huairou, Beijing. The testbed has since been developed by
CNIC (Computer Network Information Center, CAS) and Datang Telecom. At present, the central site
of the testbed has been established. A small-scale network testbed is expected to be ready at the end of
this year. Then, some experiments, including high capacity, low latency-high reliability and low-power
consumption connectivity of the 5G network.
➔ China Mobile Communications Research Institute (CMRI)'s 5G research:
Many organizations are working together to figure out what 5G is and how it will be. One of the most
recent coordinated efforts is amongst test-and-estimation vendor Agilent Technologies and China
Mobile Communications Research Institute (CMRI), the R&D arm of the world's biggest mobile
operator.
Agilent was tapped to give wireless testing answers for CMRI's 5G research, which will also leverage
Agilent's aptitude software-defined radios.
Large-scale antenna systems, full-duplex radio, energy efficiency and spectral efficiency co-design, and
new signalling/control mechanisms "to achieve the main theme of green and soft," are included in the
CMRI’s research points."Green and soft" refers to 5G research topics related to energy and spectral
efficiency co-design, signalling and control, invisible base stations and full duplex radio.

2.2. Available funding for 5G interop projects in China and Europe
The European Commission has already launched more than ten EU projects, in FP7, to investigate the
technological alternatives available and promoting the future generation of “wired” (optical) and
“wireless” communications, adding up to over €50m for research on 5G technologies including METIS,
5GNOW, iJOIN, TROPIC, Mobile Cloud Networking, COMBO, CROWD, MOTO and PHYLAWS
(http://europa.eu/rapid/press-release_IP-13-159_en.htm) with a view to reach deployable systems by
2020.
These EU research projects define the architecture and functionality needs for 5G /past-4G networks.
The cluster of EU projects in the Radio Access and Spectrum (RAS, http://www.ict-ras.eu/) range is
looking increasingly into the 5G radio network issues and the first results of their analysis are available
in a dedicated white paper.
In general, EU investments from 2007 to 2013 amounted to more than €600m in research on future
systems, half of which was for wireless technologies contributing to the development of 4G/past-4G.
Likewise, in September 2017, the Metro-Haul project (cost-effective, energy-efficient, agile, and
programmable metro networks that are scalable for 5G access), a consortium of European organizations
and research institutions, has been awarded €7.7 million by the European Commission to support driven
research into the application of scalable optical networks to future 5G wireless technology and services.
The consortium (twenty members including major network operators, equipment manufacturers,
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specialist small businesses, and universities from seven different European countries) will incorporate
the outline of all-optical metro nodes that will include full compute and storage capabilities that will
interface with both 5G access and multi-Tbit/s core networks capable of elastic dimensioning.
As an example of financial support at the national level, in the UK, the government is working on
collaborative R&D seed funding, to facilitate and develop the technology and solutions “across the
silos", within the UK innovation communities. The targeted trials and testbeds focus on technology
building blocks addressing the key 5G and IoT future capability requirements, evolving to 5G and IoT
systems, Digital Fabric and network of networks cross sector approaches. Some longer term
infrastructures developed and deployed, are addressing new services and applications trials and are
focused on major socio-economic challenges such as Future Smart Cities, Transport, Health & Social
care and Energy / Utilities (see figure below).
Within this programme the UK Department for Digital, Culture, Media and Sport (DCMS) also launched
a £25 million grant for innovative 5G testbeds and trials, as part of the government's overall £740
millions of funding from the National Productivity Investment Fund for next generation digital
infrastructure. This objective of this competition is to encourage technology and deployment, testbeds
and trials to stimulate the development of 5G use cases and business models. The first competition
(Phase 1 of initial projects) will run from April 2018 until March 2019.”

Technology
Building
Blocks

Systems,
integration and
interoperability

Network of
networks
and Digital
Fabric

Service and
Apps, Socioeconomic
challenges

Figure 1: Trials and testbeds chronological evolution – UK Government supporting 5G collaborative R&D

Elsewhere in Europe, Orange opened its first European IoT Open Lab in Chatillon, France in April 2017
for projects to evaluate how their products or services perform over LTE-M or LoRa networks. The
French telecom group's Spanish and Belgian subsidiaries have the first units to start deploying LTE-M.
Another example is in the Netherlands where the Dutch Ministry of Economic Affairs is working on a
national frequency auction of 4G/5G mobile spectrum in the 700 MHz, 1400 MHz and 2100 MHz bands
in 2019. New licenses, valid for 20 years (2020-2040), will carry coverage obligations specifically for
areas of the country where mobile broadband connectivity is inadequate.
Also, in Spain, a €80 million call has recently been announced, to finance R&D projects in the
Information and Communication Technologies (ICT) sector, with the main objective to boost the
development of 5G connectivity services, big data processing, cloud computing, the Internet of Things
and cyber-security.
On the Chinese side; following the new 5G study from the China Academy of Information and
Communications Technology (CAICT), China’s telecoms will spend 411 billion dollars on building out
5G mobile networks from 2020 to 2030.
Chinese players like China Mobile, Huawei and ZTE are emerging as leaders in this space. By 2030,
China Mobile, Unicom, and China Telecom are expected to generate 7.9 trillion Yuan in combined
5G-related revenue.
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3.

ANALYSIS OF THE 5G SITUATION IN EUROPE AND CHINA

Following the official statement of Ericsson, Intel and Huawei, here we list some important activities
related to 5G in Europe and China.
➔ Ericsson, Intel and Huawei test 3.5 GHz
Ericsson and Intel complete development test in Beijing, China [6] part of the first over-the-air interface
of interoperability verification at Beijing in September 2017, the trials, are being led by China's Ministry
of Industry and Information Technology.
The companies are utilizing Ericsson's 5G 3.5GHz radio testbed prototype - which makes use of Massive
MIMO, multi-user MIMO, and beam-forming -- and Intel's 5G test platform for the trials.
➔ Huawei and Intel
Intel has been actively collaborating with leading players in the Chinese 5G industry to accelerate 5G
R&D tests and commercialization with Intel's end-to-end 5G technology advantages.
Pointing to their partnership as a sign the industry is rapidly maturing and preparing for commercial
deployment of 5G under unified standards, Huawei announced early September 2017 it has partnered
with Intel to launch 3GPP 5G New Radio (NR)-based Interoperability Development Testing (IODT)
based on 3GPP standards. Using Huawei’s 5G base station prototypes and Intel’s 3rd Generation 5G
Mobile Trial Platform (MTP), the companies will jointly verify performance of key 5G NR technologies
at sub-6GHz, including C-Band, between 4GHz and 8GHz, and the higher-range millimetre-wave
(mmWave) spectrum bands. The companies plan to conduct tests with over-the-air environments
directly connecting Huawei’s infrastructure and Intel’s terminal platform.
Based on the latest 5G NR technologies, this joint interoperability test with Huawei will further drive
unified 5G standards and the industrial ecosystem in China and across the globe.
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CONCLUSION
This report is the first version of the EXCITING report on the global interoperability in 5G. A second
version is expected in M24.
At this stage, an overview about 5G activities is given to understand the 5G PPP, the standardization
work, the general situation and leading players.
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